Responses of delta-aminolevulinic acid (ALA) dehydrase activity in erythrocytes to cadmium, mercury and lead ions were investigated in vitro and in vivo.
In vitro all of three metals inhibited the purified enzyme activity at the concentration of 10-4 M, indicating that the enzyme belongs to the sulfhydryl enzymes.
On the other hand, the decrease of the enzyme activity below 40% of the control level was observed only in lead-treated mice, and in cadmium-or mercury-treated mice the transient decrease in the enzyme activity up to 40% of the control level in the initial stage was followed by the increase in the enzyme activity more than the control level in the later stage.
It is concluded that both the decrease of the ALA dehydrase activity betow 40% of the control level and the increase in urinary ALA excretion are specific parameters for lead exposure.
The essential biological effects of heavy metals have been attributed to inactivation of sulfhydryl (SH) groups of the enzymes by the metals1). Delta-aminolevulinic acid (ALA) dehydrase which catalyses the synthesis of porphobilinogen (PBG) from two molecules of ALA is largely contained in erythrocytes and is demonstrated to contain sulfhydryl (SH) groups in its active site2). As shown in Fig. 1 , subcutaneous administration of lead decreased ALA dehydrase activity of erythrocytes below 40% of the control level already on the 2nd day, and the decrease in enzyme activity continued to the level of 0 to 5% of the On the other hand, though ALA dehydrase activity of erythrocytes obtained from cadmium or mercury injected group showed a transient decrease on the 4th and 7th day, the restration of the enzyme activity was observed on the 12th day and, furthermore, the enzyme activity continued to recover to a higher level than the control on the 15th and 20th day in spite of the continued administration of the metals.
The decrease in the enzyme activity below 40% of the control was observed only in the lead injected group.
DISCUSSION
The present study showed that the activity of ALA dehydrase in erythrocytes of mice treated with lead was markedly decreased already in the initial stage of the treatment. This is in accordance with the previously reported observation in the studies on workers exposed to lead4).
Although, as shown in The increase in the activity of cadmium or mercury treated groups was observed when the activity decreased to 40% of the control level. Considering the previous observations8) that the disturbance of PBG synthesis followed by the increased excretion of ALA in urine was found only when ALA dehydrase activity was decreased below 40% of the control level, a kind of feedback or rebound mechanism might be taking place in the animals exposed to cadmium or mercury.
Furthermore, these results are well in accordance with the observations6,9) that no increase of urinary ALA has been found among workers exposed to cadmium or mercury.
On the other hand, it is reported that a considerable amount of cadmium or mercury is incorporated into red blood cells when absorbed in the blood10). Taking into the consideration this fact, it is suggested that both cadmium and mercury in red blood celle are probably at the conditiion hardly to approach ALA dehydrase, and that only lead has a chemical structure to be able to get near ALA dehydrase in vivo.
These results indicate that the decrease in ALA dehydrase activity below 40% of the control level and the increase in urinary ALA excretion are good parameters for lead exposure.
